The neurotoxic effects of amitriptyline are mediated by apoptosis and are effectively blocked by inhibition of caspase activity.
Oral tricyclic antidepressants, widely used as adjuncts in the treatment of chronic pain, block sodium channels in vitro and nerve conduction in vivo. However, toxicity of amitriptyline has been observed after neural application. We therefore investigated the mechanism and possible prevention of amitriptyline neurotoxicity. To assess dose-dependent neurotoxicity of amitriptyline, we incubated neuron cultures from adult rat dorsal root ganglia with amitriptyline and quantified neuronal survival. Additionally, we investigated accepted markers of apoptosis (mitochondrial membrane potential, cytosolic cytochrome c, and activated caspase-3) and co-incubated amitriptyline with an inhibitor of caspase activity, z-vad-fmk, to assess the effect on cell survival. We found a dose-dependent neurotoxic effect of amitriptyline. Neurons incubated with amitriptyline exhibited loss of mitochondrial membrane potential, release of cytochrome c into the cytoplasm, and activation of caspase-3. Co-incubation with z-vad-fmk substantially improved neuronal survival in culture. In conclusion, amitriptyline-induced neurotoxicity is mediated by apoptosis and is attenuated by inhibition of caspase activity, suggesting that inhibition of apoptotic pathways may be efficient at alleviating local anesthetic-induced neurotoxicity. In vivo studies will have to corroborate whether the co-injection of anti-apoptotic drugs with local anesthetics decreases neurotoxic side effects.